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Assessing coral reef fish stocks 

• Problems 

– Lots of species (>100 targeted species)  

– Spatially diffuse landings, hard to obtain catch data 

– Hard to obtain abundance estimates 

– Few life history studies 

 

 



Available data 

Source Hawaii 
American 

 Samoa 
Mariana 

Diver surveys X X X 

Marine Recreational 
Information Program (MRIP) 

X 

Local creel surveys X X 

Biosampling X X 

Commercial trip reports X 

• Abundance at size 
• Life history information 



Biosampling program 

Creel, biosampling surveys 

Optimal Lc 



Beverton-Holt total mortality (Z) estimator 

F = Z - M  



Ehrhardt and Ault total mortality (Z) estimator 

Fish don’t live for ever 

 tλ = Mean length at maximum age 
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Caranx ignobilis – “ulua” or giant trevally 

Lλ = 126cm 

Modified from  
Sudekum et al. (1991) 

L∞ = Lλ  

Modified from  
Eble et al. (2008) 



Natural mortality 
•Total morality (Z) from length models 
•Need natural mortality (M) to obtain fishing mortality rates (F) 
•Assume that only a small fraction (S) of a cohort is left at 
 longevity (t-lambda) (Hewitt and Hoenig 2005) 
 



Longevity-based M vs. Pauly’s 
empirical relationship 
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Hawaii example: orangespine unicornfish – Naso lituratus 



Spawning potential ratio 



Yield-per-recruit 

Lc eum = min. size to maximize yield 
Lc SPR30 =min. size for SPR of 30% 



Key model assumptions 

1. Individual growth can be described by constant K and Linf over 
time 

2. Constant and continuous recruitment over time 
3. Natural mortality rates are constant for all ages (or ages 

greater than tc for F) 
4. Mortality rates are constant over time  
5. Population is in or close to equilibrium (i.e. sufficient time has 

elapsed for average length to represent current mortality 
levels) 



Gedamke & Hoenig 2006 

Recruitment effects on Z (and F) estimate 



Recruitment effects on F estimate 

Ault et al. (2005) 



Equilibrium assumption 



Non-equilibrium total mortality estimator 

Gedamke and Hoenig (2006) 



Verification of model and parameters 



Example from Hawaii 



Average lengths in Hawaii Lbar SPR=0.3 Lbar F=0 

Main Hawaiian I. 
Northwest I. 



Spawning potential ratio in Hawaii 
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Hawaii 
Amer. 
Samoa 

Mariana 

  No growth curve 40% 45% 15% 

  No growth curve from local studies 60% 85% 80% 

  No growth curve from in-depth local studies 90% 90% 90% 

Life history information for the top 20 targeted species 

Data-poorest 
• Good size structure data 
• No information on life history  

World-wide: 1200 of 7000 (Froese & Binohlan 2000)   



• Lc, Lbar, Lmax 
• Family: Scaridae 
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What we know: 
Spectacled parrotfish example 
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Using life history relationships to create 
 multivariate probability distributions  
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Relationships for parrotfishes 



Using life history relationships to create 
 multivariate probability distributions  
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Life history multivariate distribution 



Monte Carlo outputs 
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Spectacled parrotfish example 

Lbar = 42 cm 

Lbar = 40 cm 

Lbar = 35 cm 





Summary 
• Data-poorer situation (some life history info) 

– Growth curve (Linf, K, t0), length-at-maturity, and 
longevity obtained from literature (local or regional) 

– M derived from longevity 

– Truncated length-based Z model used to obtain F 

– Numerical population model used to derived SPR, 
yield, optimum Lc, etc. 

 



• Data-poorest situation (no life history) 

– Linf, K, Length-at-maturity, and M all derived from 
Monte Carlo simulations based on family-specific 
empirical relationships and a starting Lmax value 

– Truncated length-based Z model used to obtain F 
distributions 

– Numerical population model used to derived SPR, 
yield, optimum Lc, etc. distributions 

 

Summary 



• Strengths 

– Low data requirements 

– Avoids relying on poor catch and effort data 

• Weaknesses 

– Simple model with important assumptions 

• Constant mortality (F, M) with age 

• Relatively stable recruitment 

• Recruitment independent of spawner biomass 

 

 



Next steps 

• Model integration 
Datasets (biosampling, UVC, commercial) 

Catch, CPUE, population abundance estimates 

• Integrating stock recruitment relationships 



– Size structure data 

Combination of UVCs (i.e. diver surveys) with fisheries-
dependent dataset is ideal 

Biosampling of reef fish in Hawaii would help fill a gap 
in recreational fishing information and avoid relying on 
commercial dataset for length info 

– Life history parameters 

Major bottleneck in conducting more analyses 

Send specimens to more labs, create local capacity 

 

 

Increasing assessment tiers 


